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1 
CLEAN CHAMBER TECHNOLOGY FOR 3D 
PRINTERS AND BIOPRINTERS 


CROSS-REFERENCE TO RELATED 
APPLICATIONS 


This application is the National Stage entry under 35 
US.C. § 371 of International Application Number PCT/ 
US2016/049716 filed on Aug. 31, 2016, published on Mar. 
9, 2017 under publication number WO 2017/040675 the 
disclosure of and claims priority to and the benefit of the 
filing date of U.S. Provisional Application No. 62/212,324, 
filed Aug. 31, 2015, the disclosures of which are hereby 
incorporated by reference herein in their entirety. 


BACKGROUND OF THE INVENTION 
Field of the Invention 


The present invention relates to 3D printers and bioprint- 
ers, and more particularly, to technology that provides a 
clean-air operating environment, with reduced contami- 
nants, pollutants and particles, for 3D printers and bioprint- 
ers without the use of clean room facilities. 


Description of Related Art 


Three-dimensional (3D) printing and 3D bioprinting are 
additive manufacturing technologies in which a material or 
biomaterial can be deposited layer by layer in a predeter- 
mined pattern using a 3D printer or bioprinter. In 3D 
bioprinting, the biomaterial may be any form, such as liquid, 
hydrogel or paste-like, and it can be mixed with animal or 
human cells to produce tissue models or organs. Sterility is 
a major issue in these operations. It is normally solved by 
placing the 3D bioprinter in a clean room, which is very 
expensive and limited to special certified facilities. Thus, 
there is a need in the art for improvements which overcome 
these disadvantages. 


SUMMARY OF THE INVENTION 


Embodiments of the invention provide clean chamber 
technology for 3D printers and bioprinters. In embodiments, 
the technology provides a clean environment for 3D bio- 
printing of human tissue models and organs and 3D cell 
culturing without requiring clean room facilities. In one 
embodiment, a chamber or enclosure with a metallic frame 
is provided which is fully or relatively airtight so that 
positive pressure can be created inside the printing chamber. 
Unfiltered air is drawn from outside into the chamber 
through a high efficiency filter such as a High-Efficiency 
Particulate Arresting (HEPA) filter, using an electrically 
powered fan, filtering out at least about 99% of particles and 
contaminants. The filtered air is then blown preferably in a 
very smooth, laminar flow towards into the printing chamber 
and out through vents within the frame. 

Embodiments of the invention provide a clean chamber 
which includes a housing and an air supply unit and one or 
more vents disposed within the housing. The housing is 
adapted to house a 3D printer or bioprinter and has a volume 
that is less than 1 m*. The air supply unit and one or more 
vents can be configured to provide laminar air flow inside 
the housing. The laminar flow may be vertical or horizontal. 
The air supply unit includes a high efficiency filter and a fan 
and the high efficiency filter can be a HEPA filter or an Ultra 
Low Penetration Air (ULPA) filter. The air supply unit and 
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one or more vents are configured to provide positive pres- 
sure inside the housing, such as a positive pressure differ- 
ential of 0.02 in. to 0.2 in water column. The housing further 
includes doors or ports configured to provide access to the 
3D printer or bioprinter as well as windows adapted for 
viewing the 3D printer or bioprinter. The housing further 
includes a sealing system around the windows and doors to 
make the housing airtight. The housing can be constructed of 
materials which include one or more of steel, stainless steel, 
aluminum, titanium, glass, or plastic, or any combination 
thereof. 

Additional embodiments of the invention provide a labo- 
ratory instrument which includes a clean chamber, which 
clean chamber includes a housing and an air supply unit and 
one or more vents disposed within the housing. The labo- 
ratory instrument further includes a 3D printer which 
includes a 3D printing platform or print bed and one or more 
fluid sources adapted for 3D printing disposed above the 
print bed. The 3D printer is disposed within the housing such 
that the 3D print bed is disposed between the air supply unit 
and the one or more vents. Further, the clean chamber is 
capable of maintaining positive pressure inside by way of 
the air supply unit such as a positive differential pressure in 
the range of 0.02 in. to 0.2 in water column. In embodiments, 
the housing further includes one or more controls or displays 
for interfacing with the 3D printer. The housing further 
includes a door adapted for providing access inside the 
housing and at least one window adapted for viewing inside 
the housing. The air supply unit is disposed at the top of the 
housing and the one or more vents are disposed at the sides 
or the bottom of the housing. In this embodiment, the air 
supply unit and one or more vents are configured to provide 
vertical laminar air flow which is disposed above the 3D 
print bed. In embodiments, the air supply unit comprises a 
fan and a high efficiency filter such as a HEPA filter or an 
ULPA filter. The housing is made of a material which 
includes one or more of steel, stainless steel, aluminum, 
titanium, glass, or plastic. In embodiments, the instrument is 
dimensioned to be less than 0.5 m° (such as less than 3 mî, 
less than 2 m*, less than 1 m*) and/or preferably has a 
footprint (such as a base with a length and width) that is 
smaller than the depth of a standard laboratory bench, i.e. 60 
cm. 

Specific aspects of the invention include Aspect 1, a clean 
chamber comprising: a housing; an air supply unit and one 
or more vents disposed within the housing; wherein the 
housing is adapted to house a 3D printer or bioprinter; 
wherein the housing has a volume that is less than 1 m°. 

According to Aspect 2, the clean chamber of Aspect 1 can 
be configured such that the air supply unit and/or one or 
more vents are configured to provide laminar air flow inside 
the housing. 

Aspect 3 provides for a clean chamber of Aspect 1 or 2 
configured to provide for a vertical laminar air flow. 

Aspect 4 is a clean chamber of any of Aspects 1-3 
configured to provide for a horizontal laminar air flow. 

Aspect 5 is a chamber of any of Aspects 1-4, wherein the 
air supply unit comprises a filter and/or a fan. 

Aspect 6 provides for a clean chamber of any of Aspects 
1-5, wherein the filter is a HEPA filter or an ULPA filter. 

Aspect 7 is a clean chamber of any of Aspects 1-6, 
wherein the air supply unit and/or one or more vents are 
configured to provide a positive pressure differential inside 
the housing. 
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Aspect 8 is a clean chamber of any of Aspects 1-7, 
wherein there is a positive pressure differential inside the 
housing which is in the range of 0.02 in. to 0.2 in water 
column. 

Aspect 9 is a clean chamber of any of Aspects 1-8, 
wherein the housing further comprises doors or ports con- 
figured to provide access to the 3D printer or bioprinter. 

Aspect 10 is a clean chamber of any of Aspects 1-9, 
wherein the housing further comprises windows adapted for 
viewing, the 3D printer. 

Aspect 11 is a clean chamber of any of Aspects 1-10, 
further comprising a sealing system around windows and/or 
doors of the housing. 

Aspect 12 is a clean chamber of any of Aspects 1-11, 
wherein the housing comprises one or more of steel, stain- 
less steel, aluminum, titanium, glass, or plastic. 

Aspect 13 is a clean chamber comprising: a housing 
adapted to house a 3D printer or bioprinter; an air supply 
unit and one or more vents disposed within the housing; a 
plurality of windows and doors disposed within the housing 
that provide viewing or access to portions of the 3D printer 
or bioprinter; a sealing system around the doors and win- 
dows of the housing; wherein the housing has a volume that 
is less than 1 m*; wherein together the air supply unit, one 
or more vents, and sealing system are configured to provide 
positive pressure inside the housing. 

Aspect 14 is the clean chamber of Aspect 13, wherein the 
housing is integrated with the 3D printer or bioprinter. 

Aspect 15 is a clean chamber of Aspect 13 or 14, wherein 
the positive pressure inside the housing is in the range of 
0.02 in. to 0.2 in water column. 

Aspect 16 is a clean chamber of any of Aspects 13-15, 
wherein the air supply unit and/or one or more vents are 
configured to provide vertical laminar flow. 

Aspect 17 is a clean chamber of any of Aspects 13-16, 
wherein the air supply unit and/or one or more vents are 
configured to provide horizontal laminar flow. 

Aspect 18 is a clean chamber of any of Aspects 13-17, 
wherein the air supply unit comprises a filter and/or a fan. 

Aspect 19 is a clean chamber of any of Aspects 13-19, 
wherein the clean chamber comprises a filter and the filter is 
a HEPA filter or an ULPA filter. 

Aspect 20 is a clean chamber of any of Aspects 13-20, 
wherein the housing comprises one or more of steel, stain- 
less steel, aluminum, titanium, glass, or plastic. 

Aspect 21 is a laboratory instrument, comprising: a clean 
chamber, comprising: a housing; an air supply unit and one 
or more vents disposed within the housing; and a 3D printer 
comprising: a 3D print bed; one or more fluid sources 
adapted for 3D printing disposed above the print bed; 
wherein the 3D printer is disposed within the housing such 
that the 3D print bed is disposed between the air supply unit 
and the one or more vents; wherein the clean chamber is 
capable of maintaining positive pressure inside by way of 
the air supply unit. 

Aspect 22 is a laboratory instrument of Aspect 21, 
wherein the housing further comprises one or more controls 
and/or displays for interfacing with the 3D printer. 

Aspect 23 is a laboratory instrument of Aspect 21 or 22, 
wherein the housing further comprises a door adapted for 
providing access inside the housing. 

Aspect 24 is a laboratory instrument of any of Aspects 
21-23, wherein the housing further comprises at least one 
window adapted for viewing inside the housing. 

Aspect 25 is a laboratory instrument of any of Aspects 
21-24, wherein the air supply unit is disposed at the top of 
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the housing and/or the one or more vents are disposed at the 
sides or the bottom of the housing. 

Aspect 26 is a laboratory instrument of any of Aspects 
21-25, wherein the air supply unit comprises a fan and/or a 
filter. 

Aspect 27 is a laboratory instrument of any of Aspects 
21-26, wherein the laboratory instrument comprises a filter 
and the filter is a HEPA or an ULPA filter. 

Aspect 28 is a laboratory instrument of any of Aspects 
21-27, wherein the housing comprises one or more of steel, 
stainless steel, aluminum, titanium, glass, or plastic. 

Aspect 29 is a laboratory instrument of any of Aspects 
21-28, wherein the positive pressure is a positive differential 
pressure in the range of 0.02 in. to 0.2 in water column. 

Aspect 30 is a laboratory instrument of any of Aspects 
21-29, wherein the air supply unit and/or one or more vents 
are configured to provide vertical laminar flow. 

Aspect 31 is a laboratory instrument of any of Aspects 
21-30 configured to provide for a vertical laminar flow 
disposed above the 3D print bed. 

Aspect 32 is a laboratory instrument of any of Aspects 
21-31, wherein the instrument is dimensioned to be less than 
3 m°, less than 2 m°, less than 1 m°, or less than 0.5 m°. 

Aspect 33 is a laboratory instrument of any of Aspects 
21-32, wherein the instrument is dimensioned to be less than 
0.5 m”. 

Aspect 34 is a laboratory instrument of any of Aspects 
21-33, wherein the instrument is dimensioned to have a 
footprint that is smaller than the width of a standard labo- 
ratory bench. 

Aspect 35 is a laboratory instrument of any of Aspects 
21-34, wherein the 3D printer is a 3D bioprinter. 

Aspect 36 is a laboratory instrument of any of Aspects 
21-35, wherein the 3D print bed or platform is adapted to 
support a multiwell plate or a petri dish. 

Aspect 37 is a clean chamber or a laboratory instrument 
of any of Aspects 1-36, further comprising a UV light 
source. 


BRIEF DESCRIPTION OF THE DRAWINGS 


The accompanying drawings illustrate certain aspects of 
embodiments of the present invention, and should not be 
used to limit the invention. Together with the written 
description the drawings serve to explain certain principles 
of the invention. 

FIG. 1 is a schematic diagram showing a top view of the 
clean chamber technology according to an embodiment of 
the invention. 

FIG. 2 is a schematic diagram showing a detailed con- 
figuration of the high efficiency filter and electrically pow- 
ered fan according to an embodiment of the invention. 

FIG. 3 is a photograph showing a side view of an 
integrated clean chamber-3D bioprinter according to a par- 
ticular embodiment of the invention. 

FIG. 4 is a photograph showing a front view of an 
integrated clean chamber-3D bioprinter according to a par- 
ticular embodiment of the invention. 


DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS OF THE INVENTION 


Reference will now be made in detail to various exem- 
plary embodiments of the invention. It is to be understood 
that the following discussion of exemplary embodiments is 
not intended as a limitation on the invention. Rather, the 
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following discussion is provided to give the reader a more 
detailed understanding of certain aspects and features of the 
invention. 

In one embodiment, the present invention provides a 
clean chamber adapted to house or contain a 3D printer such 
as a 3D bioprinter. The clean chamber may be a separate 
housing that surrounds the 3D printer, or may be integrated 
with the 3D printer. The clean chamber is sized such that it 
is adapted to surround or encompass the 3D printer while 
minimizing additional space. The inventive clean chamber 
provides a zone of purified air surrounding the 3D printer 
that can be housed in a standard laboratory facility that does 
not meet clean room specifications. 

Thus, in some embodiments, the clean chamber is a small 
sized unit, smaller than 1 m*, with an integrated air supply 
unit. Dimensions of the clean chamber may vary, but are 
typically configured such that the clean chamber takes up a 
volume that is less than 10x, 9x, 8x, 7x, 6x, 5x, 4x, 3x, or 
2x the volume of the 3D printer itself. In some embodi- 
ments, the volume of the clean chamber is less than 1.9x, 
1.8x, 1.7x, 1.6x, 1.5x, 1.4x, 1.3x, 1.2x, 1.1x the volume of 
the 3D printer. The shape of the clean chamber can vary, but 
generally a square or rectangular cuboid, or box-like shape, 
is preferred. Exemplary dimensions of the clean chamber 
include 100 cmx90 cmx90 cm, 90 cmx80 cmx80 cm, 80 
cmx80 cmx80 cm, 90 cmx90 cmx80 cm, 95 cmx80 cmx80 
cm, 80 cmx80 cmx75 cm, 75 cmx75 cmx75 cm, 80 cmx70 
cmx70 cm, 70 cmx70 cmx70 cm, 60 cmx60 cmx60 cm, 50 
cmx50 cmx50 cm, and so on. In embodiments, the dimen- 
sions of the clean chamber can accommodate any 3D printer 
or bioprinter, including inkjet, laser-assisted, and extrusion 
3D printers or bioprinters. In certain embodiments, the clean 
chamber is dimensioned to have a footprint that fits on a 
standard laboratory bench and is less than 0.5 m° in volume, 
such as 40 cmx40 cmx50 cm, and 40 cmx40 cmx40 cm and 
has a weight in the range of 30-50 Ibs, which includes the 3D 
bioprinter inside. In specific embodiments, the clean cham- 
ber has exemplary dimensions of 33 cmx30 cmx38 cm or 33 
cmx30 cmx47 cm and has a weight of approximately 40 Ibs, 
including the 3D bioprinter. 

In embodiments, the clean chamber provides transparent 
windows and doors for viewing or access to various com- 
ponents of the 3D printer. For example, the windows and 
door may provide viewing or access to components such as 
motors, print heads, print bed, substrates for printing, printed 
structures, cartridges, syringes, platforms, lasers and con- 
trols. Additionally, the clean chamber may provide ports for 
cables which connect to the 3D printer, such as power 
cables, USB cables, and the like. 

In one embodiment, the clean chamber provides transpar- 
ent windows for viewing specific operating components of 
the 3D printer. The transparent windows may be made of 
glass, plexiglass, plastic, or the like. Some embodiments 
provide arm ports with sleeves and gloves made of an 
airtight material such as acrylic, PVC, rubber, or polypro- 
pylene. In this embodiment, the clean chamber allows the 
operator access to the 3D printer while maintaining a clean 
air environment inside the clean chamber surrounding the 
3D printer. Alternatively or in addition, doors or ports can be 
provided which allow the operator to insert or remove 
materials inside the chamber and allow access to the 3D 
printer. The doors or ports can be designed to minimize the 
introduction of particulate matter inside the chamber. In 
some embodiments, the doors and ports are transparent to 
provide for viewing of the 3D printer and can be made of 
glass, plexiglass, or plastic. The doors or ports may have an 
airtight sealed closed position, or an open position which 
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allows access to the 3D printer. In the open position, the 
positive pressure environment inside the clean chamber 
ensures that no contaminants are introduced inside the 
chamber. Alternatively or in addition, the clean chamber can 
be equipped with an Ultraviolet C germicidal lamp (100-280 
nm, 4.43-12.4 eV) to sterilize the interior of the 3D printer, 
particularly the print bed, before usage to prevent contami- 
nation by inactivating bacteria, viruses, and protozoa that 
may enter the clean chamber. The doors or ports are opti- 
mally positioned to allow access to various components of 
the 3D printer or bioprinter that may need removal or 
replacement, such as syringes containing printing materials, 
or 3D printed materials from the print bed of the printer. The 
doors or ports may also provide access to operating controls 
of the printer. Additionally, the clean chamber can be inte- 
grated with the 3D printer or bioprinter in a manner which 
allows for operation of the 3D printer while maintaining a 
clean air environment. For example, the print bed of the 3D 
printer may be configured as or enclosed in a sliding access 
door or tray that allows removal of 3D printed products. 
Again, the positive pressure environment maintained by the 
air supply unit ensures that unfiltered air does not enter the 
clean chamber when sliding access door or other ports are 
open. In another embodiment, the controls of the 3D printer 
are provided outside the housing of the clean chamber, and 
transmit commands to the 3D printer. In this way, the 3D 
printer is controlled without an operator having to breach the 
airtight housing to control the printer. Alternatively, the 
housing may have USB ports which are wired to the 3D 
printer, and the 3D printer can be controlled through a 
computer, motherboard or processor connected to the hous- 
ing through the USB ports. The firmware installed in the 
computer of the 3D printer can be programmed to control the 
speed of the fan or blower in the high efficiency filtration 
system through a micro controller and a metal-oxide-semi- 
conductor field-effect transistor or any other type of tran- 
sistor used for amplifying or switching electronic signals. 
Alternatively, the speed of the fan or blower can be con- 
trolled through the software interface in an external com- 
puter device. The air flow speed, high efficiency filter life 
cycle and particle count in the clean chamber can be 
displayed in the touch-screen or LCD display in the 3D 
printer and in the software interface. 

In embodiments, a sealing system is provided around the 
windows, doors, and/or ports of the clean chamber. The 
sealing system can be made of rubber, silicone, or foam in 
combination with an adhesive. The sealing system ensures 
that the clean chamber may maintain a positive pressure 
environment when air is introduced inside the chamber. The 
sealing system can be disposed at the interface of the 
windows and doors with the housing to ensure the inside of 
the housing is airtight or substantially airtight. Such airtight 
housing allows the air supply unit (described below) to 
maintain a positive pressure inside the housing. 

In embodiments, the clean chamber includes an air supply 
unit. The air supply unit includes a blower or fan in 
communication with a high efficiency filter. The high effi- 
ciency filter may be a High-Efficiency Particulate Arresting 
(HEPA) filter, Ultra Low Penetration Air (ULPA) filter, or 
the like. In particular embodiments, the high efficiency filter 
may be, at a minimum, a HEPA filter class EU10, which has 
an efficiency of 95-99.9%. In other embodiments, the HEPA 
filter may be up to class U17, which has an efficiency of 
99.999995%. Embodiments provide a filtration system 
which brings non-filtered air from the outside environment 
of the bioprinter and pushes it through the high efficiency 
filter with the help of a fan to the inside of the clean chamber, 
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when moving volumes of air with small increase in pressure, 
or with the help of a blower, when moving volumes of air 
with moderate increase of pressure. Alternatively, the air can 
be pushed through the high efficiency filter using an air 
pump. The filtration system is designed so that all of the air 
drawn into bioprinter is expelled through the filter such that 
none of the air leaks past the filter. In embodiments, the 
filtration system is capable of covering an area between 25 
cm? and 2 m?, such as an area of about 25 cm”, 50 cm?, 75 
cm’, 1 m°, 1.25 m?, 1.5 m’, 1.75 m°, or 2 m? or higher 
depending on the size of the printer or bioprinter and number 
of print heads that the clean chamber must accommodate. In 
embodiments, the volume of air that can be treated can range 
up to 1 m%, up to 2 m°, up to 3 m°, up to 4 m°, up to 5 m°, 
or up to 6 m? and so on depending on the bioprinter 
requirements. Additionally, the filtration system can incor- 
porate high-energy UV light units to kill off the live bacteria 
and viruses trapped by the high efficiency filter. 

In some embodiments, the high efficiency filter is placed 
ahead of the output of the blower or fan such that the filter 
directly receives the output. In other embodiments, the high 
efficiency filter is placed behind the blower or fan such that 
incoming air first passes through the filter before entering 
the blower or fan. In other embodiments, two high efficiency 
filters are placed, with one placed before the blower or fan 
and one placed after the blower or fan. The blower or fan 
may have a single phase electric motor, or alternatively, a 
three phase motor. Further, the electric motor may run on AC 
or DC electric power sources. Alternatively or in addition, 
the blower or fan may be powered by a battery such that the 
clean chamber is operable during power outages. Further, in 
embodiments the blower or fan is configured to have dif- 
ferent speeds. One particular embodiment provides a vari- 
able speed fan that is driven by a variable speed drive. The 
variable speed fan provides for precise control of air flow 
inside the clean chamber. The air supply unit is operated at 
a flow which is designed to maintain a positive pressure 
differential inside the chamber in comparison to the outside 
pressure. Thus, should any leaks in the sealing system occur, 
the pressurized air inside the chamber will leak outward 
rather than inward, ensuring that contaminated air does not 
leak in. 

In some embodiments, the high efficiency air filter(s) filter 
out at least 99% of the particles from ambient air surround- 
ing the chamber. In other embodiments, the high efficiency 
air filter(s) filters out at least about 95%, 96%, 97%, 98%, 
99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 
99.8%, 99.9%, 99.95%, 99.96%, 99.97%, 99.98%, 99.99%, 
99.995%, 99.999%, 99.9999%, 99.99999%, 99.999995% or 
more of particles of 0.30 microns or greater from ambient air 
surrounding the chamber. In embodiments, the high eft- 
ciency air filter(s) provide a sterile, or almost sterile envi- 
ronment inside the chamber. This allows for 3D manufac- 
turing of printed tissues or organs. 

In some embodiments, the air supply unit is positioned on 
top of the clean chamber and receives unfiltered air from the 
surrounding laboratory environment. The air supply unit 
then pushes filtered air downwards so that it surrounds the 
3D printer while creating and maintaining a positive pres- 
sure environment inside the chamber. After passing the 3D 
printer, the filtered air exits the clean chamber through one 
or more vents positioned on the bottom of the clean cham- 
ber. In this way, the clean chamber provides a laminar or 
unidirectional (i.e. vertical) stream of filtered air across the 
3D printer. However, in some embodiments, the clean 
chamber is configured to provide a horizontal laminar flow 
by changing the position of the air supply unit and/or vents. 
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In other embodiments, the clean chamber is configured to 
have non-unidirectional (e.g. turbulent) or mixed air flow 
patterns. 

In embodiments, the air supply unit creates a positive 
pressure inside the chamber that is higher than the ambient 
pressure surrounding the chamber by having an air flow that 
is higher than the output through the exhaust vents. This can 
be achieved by constricting flow through the exhaust vents 
through obstruction or coupling the exhaust vents with a fan 
to provide an exhaust unit that has an output that is lower 
than the fan of the air supply unit. In this way, the exhaust 
vents ventilate the air and assist in controlling the air flow 
and pressure inside the clean chamber. The positive pressure 
inside the chamber is preferably higher than 1 atmosphere 
pressure (atm). In some embodiments, the differential pres- 
sure inside the chamber is in the range of 0.02 in. to 0.2 in 
water column (H,O), which is similar to the positive pres- 
sure inside standard clean rooms. However, in some embodi- 
ments, the outputs of the air supply units and exhaust units 
can be adjusted to provide negative pressure inside the 
chamber. In some embodiments, multiple air supply units 
and/or exhaust units are used to move air through the clean 
chamber. In some embodiments, the clean chamber is 
equipped with pressure sensors for measuring the air pres- 
sure inside the chamber and displays on the outer portion of 
the housing for displaying the air pressure. 

In some embodiments, the air supply unit provides a flow 
inside the clean chamber at a rate of at least 1 foot/minute. 
In some embodiments, the air supply unit provides a flow 
inside the clean chamber at a rate of at least 2, 3, 4, 5, 10, 
15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 
95, 100 feet/minute, or higher. The air supply unit and/or 
exhaust vent or unit may be configured to replace the air 
inside the chamber at rate of at least 1 air change by hour. 
In some embodiments, the air inside the chamber is changed 
at a rate of at least 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 
50, 60, 70, 80, 80, 100, 150, 200, 250, 300, 350, 400, 450, 
500, 550, 600 or more air changes per hour. 

In some embodiments, the clean chamber provides an air 
cleanliness that meets ISO 14644-1 Cleanroom Standards, 
such as ISO 1, ISO 2, ISO 3, ISO 4, ISO 4, ISO 5, ISO 6, 
ISO 7, ISO 8, and ISO 9. These standards are based on the 
size and number of airborne particles per cubic meter of air. 
In other embodiments, the clean chamber provides air clean- 
liness that meets US Federal Standard 209E Cleanroom 
Standards, such as Class 1, 10, 100, 1,000, 10,000, 10,000, 
or 100,000. US Federal Standard 209E Cleanroom Stan- 
dards are based on the number of particles 0.5 um or larger 
per cubic foot of air (e.g. a Class 1,000 cleanroom would 
indicate 1,000 particles 0.5 um or smaller in each cubic foot 
of air). These standards can be met by adjusting the air flow 
and rate of air replacement inside the clean chamber, which 
is a function of the volume of air moved by the air supply 
unit(s) and exhaust unit(s). For example, to meet cleaner air 
standards, the flow of the air supply units can be increased, 
or additional air supply units can be fitted in the chamber 
when the maximum flow is reached. Whether the clean 
chamber meets the above standards can be confirmed 
through various testing procedures known in the art, such as 
those described in the Federal Standard 209 document or 
TEST-RP-CC-006: TESTING CLEANROOMS, which is 
available on the Institute of Environmental Sciences and 
Technology (LEST) website. 

The clean chamber may be made of a combination of 
steel, stainless steel, aluminum, titanium, glass, plastic, or 
any combination of these materials. In some embodiments, 
the clean chamber is an enclosure made of a steel, stainless 
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steel, or powder coated steel frame and glass or plastic 
windows or doors. Further, the edges of the clean chamber 
may be rounded on the bottom, top, and or sides of the clean 
chamber. Additionally, the clean chamber may have casters 
or wheels on the bottom so that it me be easily moved, or 
feet on the bottom for providing stability on a flat surface 
such as a benchtop. 

The following figures are intended to illustrate a particular 
embodiment of the invention. FIG. 1 shows an embodiment 
of a clean chamber 5 in which an air supply unit 30 is 
positioned on the top of the clean chamber 5. In this 
embodiment, the air supply unit 30 includes a HEPA filter 10 
and a fan unit 20, where the HEPA filter 10 is positioned 
immediately before the fan unit 20 at its intake. FIG. 2 
shows the embodiment of the clean chamber 5 of FIG. 1, 
where air 25 from outside the unit enters the air supply unit 
30 and passes through it such that the output of air supply 
unit produces clean and vertical laminar flow 35 through the 
clean chamber 5 to the 3D printer (not shown). Additional, 
an exhaust vent (not shown) is positioned on the bottom of 
the chamber. 

FIGS. 3 and 4 show a particular embodiment of a clean 
chamber housing integrated with a 3D bioprinter. The inte- 
grated clean chamber-3D bioprinter 105 has a powder 
coated steel frame 145 which is designed to be chemically 
resistant to form a cubicle-shaped housing. The housing 
further comprises a front door 160 which can have a seal to 
form an airlock when shut and two windows 150 on either 
side of the housing for viewing inside. The front door can be 
made of glass, plexiglass, or plastic to provide a view inside 
the print bed when the door is shut. On top of the housing 
is an air supply unit 130, which includes a small fan and 
HEPA filter. Below the front door of the housing are various 
displays and controls 165 for interfacing with the 3D bio- 
printer inside. The displays or controls include displays for 
pressure sensors and an off/on switch. Inside the housing 
various components of the 3D bioprinter inside can be seen 
including a moveable platform or print bed 190 and syringes 
185 for extrusion. The moveable print bed can support 
multiwell plates, petri dishes, and/or glass slides. At the 
bottom of the window 150 is a vent 155 for discharging air 
passing through the clean chamber. 

Embodiments of the invention provide for additional 
features of the 3D bioprinter inside the clean chamber which 
can include the following. The bioprinter can contain a UV 
curing light with wavelength ranging from 300 nm to 500 
nm, as well as a UV light for sterilization of the printing 
area. The bioprinter can have print heads for printing 
eukaryotic and prokaryotic cells within, on and without 
hydrogels. The print heads can dispense materials with 
dynamic viscosity ranges of 1 to 20,000,000 centiPoise (cP). 
The print heads can be used to dispense biomaterials, 
hydrogels, materials prepared from decellularized human 
and animal tissues and organs, as well as cells in suspension 
in a defined and non-defined pattern. The print heads are 
capable of dispensing these biomaterials to create a 3D 
structure, including those containing eukaryotic and pro- 
karyotic cells. In embodiments, the bioprinter can contain 
between 1 to 20 print heads, such as 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 print heads. The 
print heads can be positioned apart from each other with a 
distance of between 1 mm to 100 mm. The print heads can 
dispense material such as bioinks through needles with 
straight or conical tips and co-axial needles. The bioinks can 
be mixed with human cells prior to dispensing. Further, 
embodiments provide a print bed where the material can be 
dispensed on a removable substrate or directly on top of the 
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print bed itself. The print bed can hold petri dishes, multi 
well plates, and/or glass slides. The bioprinter dispenses 
materials using pneumatic pressure, mechanical pressure, 
heated extrusion, hydraulic extrusion, or pneumatic extru- 
sion, or by way of a jet printer with piezoelectric applicator 
or jet dispenser with pneumatic applicator. In embodiments, 
the print heads and print beds are positioned under the high 
efficiency air filter(s) so that they directly receive filtered air 
entering the clean chamber. The filtered air and positive 
pressure created inside the clean chamber allows for sterile 
printing of cell-laden and cell-free 3D structures. 

In alternative embodiments, the housing can accommo- 
date a 3D printer or bioprinter of a variety of other configu- 
rations, non-limiting examples of which are described in 
USS. Pat. Nos. 7,051,654, 8,241,905, 8,691,274, 9,149,952 
as well as U.S. Patent Application Publication No. 
20130302872. This invention contemplates that the housing 
can be configured to house any 3D printer or bioprinter 
known in the art, as well as future improvements in 3D 
printer or bioprinter technology. The housing of the clean 
chamber can be manufactured together with the 3D printer 
or bioprinter in an integrated fashion, or alternatively, it can 
be retrofitted to accommodate the 3D printer or bioprinter. 

Additional embodiments provide a kit for 3D printing or 
3D bioprinting. The kit includes an integrated clean cham- 
ber-3D bioprinter, as well as various reagents and consum- 
ables for use in the 3D bioprinter such as hydrogels, 
syringes, binding agents, cells, multiwell plates, petri dishes, 
replacement filters, and the like. 

The present invention has been described with reference 
to particular embodiments having various features. In light 
of the disclosure provided above, it will be apparent to those 
skilled in the art that various modifications and variations 
can be made in the practice of the present invention without 
departing from the scope or spirit of the invention. One 
skilled in the art will recognize that the disclosed features 
may be used singularly, in any combination, or omitted 
based on the requirements and specifications of a given 
application or design. When an embodiment refers to “com- 
prising” certain features, it is to be understood that the 
embodiments can alternatively “consist of’ or “consist 
essentially of’ any one or more of the features. Other 
embodiments of the invention will be apparent to those 
skilled in the art from consideration of the specification and 
practice of the invention. 

It is noted in particular that where a range of values is 
provided in this specification, each value between the upper 
and lower limits of that range is also specifically disclosed. 
The upper and lower limits of these smaller ranges may 
independently be included or excluded in the range as well. 
The singular forms “a,” “an,” and “the” include plural 
referents unless the context clearly dictates otherwise. It is 
intended that the specification and examples be considered 
as exemplary in nature and that variations that do not depart 
from the essence of the invention fall within the scope of the 
invention. Further, all of the references cited in this disclo- 
sure are each individually incorporated by reference herein 
in their entireties and as such are intended to provide an 
efficient way of supplementing the enabling disclosure of 
this invention as well as provide background detailing the 
level of ordinary skill in the art. 

The invention claimed is: 

1. A laboratory instrument, comprising: 

a clean chamber, comprising: 

a housing comprising a frame; 
an air supply unit and one or more vents disposed 
within the frame of the housing, wherein the air 
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supply unit comprises a filter and a fan, blower, or air 
pump, wherein the filter is a HEPA or ULPA filter, 
and wherein the air supply unit is disposed within the 
frame at a top of the housing and does not extend 
past a top surface plane of the housing and wherein 
the one or more vents do not comprise a filter; and 

a 3D bioprinter comprising: 

a 3D print bed; 
one or more fluid sources adapted for 3D printing 
disposed above the print bed; 

wherein the 3D bioprinter is disposed within the housing 

such that the 3D print bed is disposed between the air 
supply unit and the one or more vents; 
wherein the clean chamber is capable of maintaining 
positive pressure inside by way of the air supply unit; 

wherein the instrument is dimensioned to have a depth of 
60 cm or less; and wherein the instrument is suitable for 
printing living cells. 

2. The laboratory instrument of claim 1, wherein the 
housing further comprises one or more controls or displays 
for interfacing with the 3D printer. 

3. The laboratory instrument of claim 1, wherein the 
housing further comprises a door adapted for providing 
access inside the housing. 
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4. The laboratory instrument of claim 1, wherein the 
housing further comprises at least one window adapted for 
viewing inside the housing. 

5. The laboratory instrument of claim 1, wherein the one 
or more vents are disposed at the sides or the bottom of the 
housing. 

6. The laboratory instrument of claim 1, wherein the 
housing comprises one or more of steel, stainless steel, 
aluminum, titanium, glass, or plastic. 

7. The laboratory instrument of claim 1, wherein the 
positive pressure is a positive differential pressure in the 
range of 0.02 inch to 0.2 inch water column. 

8. The laboratory instrument of claim 1, wherein the air 
supply unit and one or more vents are configured to provide 
vertical laminar flow. 

9. The laboratory instrument of claim 8, wherein the 
vertical laminar flow is disposed above the 3D print bed. 

10. The laboratory instrument of claim 1, wherein the 
instrument is dimensioned to be less than 0.5 m°. 

11. The laboratory instrument of claim 1, wherein the 
instrument is dimensioned to have a footprint that is smaller 
than the width of a standard laboratory bench. 

12. The laboratory instrument of claim 11, wherein the 3D 
print bed is adapted to support a multiwell plate or a petri 
dish. 


